Summary A rare hybrid of SorghumϫSugarcane was produced at Sugarcane Breeding Institute during 1996 which had a chromosome number 2nϭ66. This hybrid lacked vigor and was poor with respect to agronomic traits. Attempts were made to create genetic variation in this hybrid through tissue culture and colchicine treatment. Calli induction and their differentiation to plantlets were obtained on modified MS medium. Different concentrations of colchicine (25 mg/l, 50 mg/l, 75 mg/l and 100 mg/l) were added to the differentiation medium. There was no differentiation in the medium containing 75 mg/l and 100 mg/l colchicine, while calli treated with 25 mg/l and 50 mg/l colchicine produced 230 plants. The regenerated plants obtained were rooted, hardened and established in pots as well as in the field and cytomorphologically characterized. Though the somaclones were morphologically similar to the original hybrid in almost all the characters, the cytological analysis revealed the occurrence of polyploidy in these calli clones. Chimeric plants were also obtained during in vitro polyploidization. The results indicate that colchicine could be efficiently utilized for induction of polyploidy in Saccharum hybrids.
Several intergeneric hybrids of Saccharum with related genera like Erianthus, Miscanthus, Narenga and Sclerostachya had been produced in the past (Janaki Ammal 1941 , Li et al. 1948 , Barber 1916 , Parthasarathy 1948 , Kandasami 1961 . Hybrids of Saccharum with Sorghum and Zea also had been produced (Thomas and Venkataraman 1930 , Janaki Ammal and Sing 1936 , Janaki Ammal 1938 . Sorghum had been crossed with Saccharum with the objective of producing hybrids with shorter crop duration. Though the desired level of earliness could be achieved in some of SaccharumϫSorghum hybrids, they lacked many of the agronomic traits of sugarcane (Thomas and Venkataraman 1930) . Sorghum breeders also crossed Sorghum with Saccharum, for transferring some of the pest resistance traits from Saccharum (de Wet et al. 1976 , Gupta et al. 1978a , 1978b . In all these crosses Saccharum was used as female parent and the hybrids had Saccharum cytoplasm. Four hybrids of SorghumϫSaccharum were produced at Sugarcane Breeding Institute in 1996 using Sorghum as the female parent (Nair 1999) . These hybrids matured in about 6-7 months, but they showed less vigor, low sucrose and abnormal flowering. Further improvement of these hybrids through back crossing was not possible, since the hybrids did not flower normally. Hence it was considered essential to exploit other methods to improve the agronomic traits and induce genetic variation in these hybrids.
Induced polyploidy is associated with changes in plant morphology and can be effectively used in crop improvement. Colchicine induced chromosome doubling and genetic improvement has been reported in a number of crops.
In sugarcane the plants arising from the cell dedifferentiation process during callusing may be highly variable for chromosome number and agronomic characteristics. The frequency of abnormal regenerants can increase with callus age (Benzion and Phillips 1988) . Plant tissue culture has been successfully utilized to double the chromosome number in plants like sugarcane where amphiploidy could not be induced through conventional methodologies (Heinz and Mee 1970) . Plantlets with doubled chromosome number from two of the sugarcane clones were produced at Hawaiian Sugar Planter's Association Experiment Station in 1971. The cells of subclone H-50-7209 were treated with four chemical mutagens-colchicine, 8-ethoxy caffeine, methyl methane sulfate and N-nitro-Nnitroso guanidine at four concentrations to observe the response of plants (Heinz et al. 1969) . Colchicine induced polyploids from cell suspension cultures of sugarcane showed high percentage of endoreduplicated chromosomes (Heinz and Mee 1970) . When the suspension cells of sugarcane cv. 7164 (2nϭ108) were treated with 0.25% colchicine, the chromosome number increased from 2nϭ108 per cell to 2nϭ309 per cell. The same induction procedure was applied to clone 61-1248 in which three variants were regenerated with aneuploid chromosome numbers. Plants with high chromosome number were stunted and lacked vigor (Liu et al. 1977) . Cytological analysis of plants regenerated from colchicine-treated callus culture of sugarcane clone H-69-9092 showed wide range of chromosome numbers (2nϭ66-196) (Nagai et al. 1986 ). Cytogenetic analysis of plants regenerated from colchicine treated cell suspension cultures of three SaccharumϫMiscanthus hybrids revealed wide variation among the regenerants for chromosome number (Chen et al. 1992) . In the present study attempt was made to induce, isolate and characterize colchiploids of an intergeneric hybrid of sugarcane involving Sorghum and Saccharum.
Materials and methods

Plant materials and callus induction
The material used in the study was an intergeneric hybrid (SSH-1) from a cross between Sorghum bicolor (L.) Moench and Saccharum officinarum L. (Nair 1999) . The somatic chromosome number of the hybrid is 2nϭ66, ten chromosomes from Sorghum parent and 56 chromosomes from the S. officinarum parent (Nair 1999) .
For the initiation of embryogenic callus cultures, actively growing shoots of about 2-3 months old were collected and surface sterilized. Developing leaves and leaf sheaths surrounding the apical meristem were used as explants. The young leaf bits of about 0.5ϫ0.5 cm were inoculated in 250 ml bottle with 20 ml MS basal medium (Murashige and Skoog 1962) supplemented with 100 mg/l mesoinositol, 2 mg/l 2,4-dichlorophenoxyacetic acid (2,4-D), 10% by volume coconut milk and 20 g/l sucrose. The medium was solidified with 0.8% agar (Hi media) and pH was adjusted to 5.8. The inoculated bottles were incubated in dark at 25Ϯ1°C for callus induction. The callus was subcultured three to four times.
Induction of polyploidy
To induce chromosome doubling, the friable calli were transferred into solid differentiation medium supplemented with different concentrations of colchicine (25 mg/l, 50 mg/l, 75 mg/l and 100 mg/l) and incubated at 25Ϯ1°C with photoperiod of 16 h light and 8 h dark. The light intensity ranged from 1,000 lux to 1,500 lux. The composition of differentiation medium was as follows: 1.0 mg/l 1-naphthaleneaceticacid (NAA), 2 mg/l kinetin, 0.5 mg/l thiamine HCl, 0.5 mg/l pyridoxine HCl, 100 mg/l mesoinositol and 20 g/l sucrose. The pH was adjusted to 5.8. Ten callus clumps of 2-3 mm size were kept in each bottle and for each treatment such 10 bottles of cultures were used. Experiments were performed in three replications. After four days the treated calli were transferred to fresh differentiation medium free of colchicine and maintained under similar conditions. The proliferated calli which were directly transferred to differentiation medium without any colchicine treatment was considered as control.
Plant recovery
Shoot buds differentiated from the calli were subcultured biweekly. The shoots were separated when they were few inches tall and kept for rooting in White's basal medium having 1.0 mg/l NAA. Rooted plants were transplanted to polyethylene bags filled with sand, soil and pressmud in 1 : 1 : 1 ratio covered with plastic sheets to maintain humidity and kept in the green house for 3 weeks. The plants were then transferred to pots.
Ploidy level determination
Cytological analysis was carried out in 50 somaclones produced from each treatment and control to determine the ploidy level. One centimeter long root tips were pretreated in a saturated solution of a-bromonaphthalene for 2 h at 4°C, washed in distilled water and fixed in Ostergen and Haneen's fixative. After hydrolysis in 1N HCl for 13 min at 60°C, the roots were stained in leuco basic fuschin and squashed in 1% acetocarmine. Chromosome number of the somaclone was ascertained from well spread metaphase plates.
Stomatal study
Leaf bits of the somaclones were boiled in 10% nitric acid with a pinch of potassium chlorate for 3-4 min. Peels were separated and stained in 1% saffranin in methylcellosolve. Observations were taken in light microscopy at 40ϫ.
Results and discussion
Colchicine, an allelopathic compound, produced by Colchicum autumnale, is known to inhibit the formation of spindle fibers and effectively arrest mitosis at the anaphase stage leading to polyploidy (Hancock 1997) . After four days of treatment of the calli with different concentrations of colchicine they were transferred to solid differentiation medium. Control calli multiplied rapidly and produced more number of shoots during one month of subculture. Shoot growth and multiplication were slightly inhibited in the calli treated with 25 mg/l and 50 mg/l colchicine, but the regenerated shoots showed rapid growth after culturing for one month on differentiation medium without colchicine. About 66.67% shoot regeneration was obtained from the calli treated with 25 mg/l colchicine, whereas only 47.40% shoot regeneration was obtained in calli treated with 50 mg/l colchicine ( Table 1) . As the concentration of colchicine increased, the differentiation of calli decreased, probably due to the hampering of cell division, which is a logical consequence of the use of mitosis-arresting compounds. The differentiation was totally inhibited in 75 mg/l and 100 mg/l colchicine-amended medium. The calli in these media turned brown and dried. More than 80% shoot differentiation was obtained in calli without any colchicine treatment (control).
Cytomorphological studies were conducted in the control and somaclones (Table 2 , Fig 1) . The somaclones were morphologically similar to the original hybrid in almost all the characters. Leaf thickness and internode number showed significant negative correlation with chromosome number. Number of internodes in the somaclones was less than the original hybrid. The cytological analysis revealed the occurrence of polyploidy in the calli clones. Fifty somaclones from each treatment and control were subjected to cytological analysis. Root tip mitosis showed that 18-20% polyploidization could be achieved through in vitro colchicine treatment. The calli treated with 25 mg/l colchicine produced 9 polyploids and calli treated with 50 mg/l colchicine produced 10 polyploids. Out of these, 4 polyploid somaclones did not survive. The colchiploids did not show the exact tetraploid number. The chromosome number ranged from 2nϭ104-139. Among the somaclones, mixoploids having both diploid and polyploid cells in the same root tip were also present. Mixoploids were discarded because of their unstable ploidy as has been reported in ginger (Adanyia and Shirai 2001) . The number of mixoploids was lower than polyploid ones, as reported in banana (Van 2007 Duren et al. 1996 . According to Chakraborti et al. (1998) , the in vitro culture environment, controlled temperature and light regime may favor synchronized cell divisions, lessening the occurrence of mixoploids among the polyploids induced by such conditions. Several studies evaluating ploidy levels based on the stomatal characteristics succeeded in discriminating plants with different ploidy levels (Dore 1986 , Dwivedi et al. 1986 , Burrino and Powell 1988 , Griebach and Bhat 1990 . In the present study, however, the stomata size and density of the somaclones did not show much variation among the diploids and colchiploids and therefore were considered to be unreliable parameters in discriminating ploidy levels.
Results indicate that colchicine could be efficiently utilized for the induction of polyploidy in SorghumϫSaccharum hybrids, resulting in an average yield of 19% polyploids. Since the polyploids did not show any morphological variation from diploids, determination of chromosome number is the only reliable method to analyze the somaclones for polyploidy. The study indicates that in 306 Cytologia 72(3) Valiya Purakkal Sobhakumari and Narayana Vijayan Nair In vitro Induction of Colchiploidy in an Intergeneric vitro regeneration system could be efficiently used for the ploidy manipulation in sugarcane hybrids.
